resistance as well as the ability of these fungal communities to recover from pollution was 10 also assessed through a translocation experiment. with a shift in fungal structure after stress exposure, and ii) a recovery ability in terms of 20 laccase activity and fungal community structure two weeks after stress removal. 
phosphorus and nitrogen) is commonly associated with increases in fungal biomass, diversity, pesticides. Studies on metals showed that copper, zinc, and manganese exposure stopped litter 21 decomposition and declined sporulation rates. However, these studies also showed that fungal 22 communities were able to recover when stress by metals was removed after translocation from 23 a polluted site to a cleaner one.
24
The present study investigates the sensitivity of leaf-associated fungal communities to 1 stream water pollution (including nutrients, metals, and pesticides) by comparing 2 communities from upstream (less polluted) and downstream (more polluted) sites of an 3 agricultural stream (the Auzon, Puy-de-Dôme region, Centre France). Our main objective is to 4 assess the resistance and recovery abilities of leaf-associated fungal communities to stream 5 water pollution using a translocation experiment in laboratory microcosms. As base 6 hypothesis we presume that stream water pollution observed downstream (higher nutrients, 7 metals, and pesticides concentrations) would promote shifts in the structure and activity of 8 leaf-associated fungal communities comparing to communities from the upstream site (less 9 polluted). As second hypothesis, we expected that chemical stress exposure due to 10 translocation from upstream to downstream would lead to fungal communities similar to that 11 of downstream in terms of both structure and activity. In the other hand, the proved recovery 
MATERIALS AND METHODS

17
Study sites and preparation of fungal inoculums 18
Leaf-associated fungal communities were obtained from the Auzon, a third-order forested 19 stream draining a basin surface area of 6074 ha in the Puy-de-Dôme region (Centre France).
20
Two study sites were selected for this work: a less-polluted upstream site (first order section)
21
close to the river source (45°41'30.0"N 3°04'58.5"E; Channonat) and a more-polluted fallen Alnus leaves were harvested from the upstream site, dried 72h at room temperature, and 13 placed in a total of six bags (1 mm of mesh size), each containing 10 g of the pre-dried leaves. channel, supplemented with 100 mL of the corresponding fungal inoculum described above.
13
The first sampling was performed shortly after having released the fungal inoculum into the 14 channel (week 0). The other samplings were performed weekly for a total of four weeks
15
(weeks 1, 2, 3 and 4). The river water was replaced each seven days to avoid nutrient 16 limitation and samplings were performed just before water replacement.
17
Translocation was performed in the middle of the experiment (after the sampling at 18 week 2, the same day), 14 days after the beginning of the experiment) by transferring two 
12
Lignin content in Alnus leaves was measured using the acetyl bromide procedure unrestricted permutations, P = 0.05).
5
All statistical analyses were computed using the R software, and RDA as well as related 6 methods were performed using the Vegan package (http://cran.r-project.org/). concentrations between sites (ANOVA, site effect, P = 0.1210 and P = 0.1197 respectively). However, no effects of translocation were observed in lignin loss from leaves. on ergosterol concentration (Figure 2 .2).
Fungal band richness tended to increase from weeks 0 to week 4 (ANOVA, P < 0.05) in with intermediary values (Tukey's test, P > 0.05; Table 2 ).
12
Cluster analysis, performed on fungal community presence/absence matrix, showed a Figure 4A1, B1 ). Translocation of leaves had no effect on the above mentioned 6 enzyme activities ( figure 4A2, B2 ).
7
In contrast, laccase activity showed differences between sites (Tukey's test, site effect, P "good" class of quality (Table 1 ). Despite such small differences in terms of water quality 9 between sites, upstream water led to microbial communities with higher laccase activity and a 10 lower fungal band richness comparing to those grown in downstream water. Besides, no 11 differences in fungal biomass (ergosterol concentration) between communities were observed.
12
The influence of stream water chemistry on the microbial community descriptors was also Altogether, our results suggest that laccase activity is more sensitive to nitrate than phenol 22 oxidase and peroxidase activities.
23
Site effects were also observed on laccase activity, with higher values upstream compared 24 to downstream. Here, differences were neither explained by nitrate concentrations nor by decreases in laccase activity. However, no effect on the overall leaf mass loss was observed, showed that aquatic hyphomycetes communities were able to recover in terms of structure,
6
decomposing activity (decay rates), and sporulation rates when translocated from highly Research. for time (n.s. when not significant, Tukey's test, P < 0.05). 
